Expression and distribution of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF in the kidneys of Tibetan sheep, Plain sheep and goat by Yang, K. et al.
  
ONLINE FIRST
This is a provisional PDF only. Copyedited and fully formatted version will be made available soon.
ISSN: 0015-5659
e-ISSN: 1644-3284
Expression and distribution of HIF-1α, HIF-2α, VEGF, VEGFR-2
and HIMF in the kidneys of Tibetan sheep, Plain sheep and
goat
Authors:  K. Yang, Z. Zhang, Y. Li, S. Chen, W. Chen, H. Ding, Z. Tan, Z. Ma, Z.
Qiao
DOI: 10.5603/FM.a2020.0011
Article type: ORIGINAL ARTICLES
Submitted: 2019-12-19
Accepted: 2020-01-29
Published online: 2020-02-05
This article has been peer reviewed and published immediately upon acceptance.
It is an open access article, which means that it can be downloaded, printed, and distributed freely,
provided the work is properly cited.
Articles in "Folia Morphologica" are listed in PubMed. 
Powered by TCPDF (www.tcpdf.org)
Expression and distribution of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF in 
the kidneys of Tibetan sheep, Plain sheep and goat  
Expression and distribution of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF in 
Tibetan sheep kidney 
 
K. Yang1#, Z. Zhang1#, Y. Li1#, S. Chen1, W. Chen1, H. Ding1, Z. Tan1, Z. Ma2, Z. 
Qiao3* 
1College of Life Science and Engineering, Northwest Minzu University, Lanzhou, P.R. 
China 
2Key Laboratory of Biotechnology and Bioengineering of State Ethnic Affairs 
Commission, Biomedical Research Center, Northwest Minzu University, Lanzhou, 
P.R. China 
3Gansu Tech Innovation Center of Animal Cell, Biomedical Research Center, 
Northwest Minzu University, Lanzhou, P.R. China 
 
Address for correspondence: Dr Zilin Qiao, Gansu Tech Innovation Center of Animal 
Cell, Biomedical Research Center, Northwest Minzu University, Lanzhou, 730030, 
P.R. China, tel: +86 13639315431, e-mail: 670267497@qq.com. 
#These authors contributed equally to this article and share first authorship. 
 
 
ABSTRACT 
Background: The objective of this study was to detect the expression and distribution 
characteristics of five proteins [the hypoxia-inducible factor 1α (HIF-1α), HIF-2α, 
vascular endothelial growth factor (VEGF), VEGF-2 receptor (VEGFR-2) and 
hypoxia-induced mitogenic factor (HIMF)] in kidney of Tibetan sheep, plain sheep and 
goat. The results will provide the basic information for the comparative study of sheep 
breeds living at different altitudes. 
Materials and methods: The kidney tissues were collected from healthy adult Tibetan 
sheep, plain sheep and goats and made into paraffin sections. Histological 
characteristics were assessed by H&E staining. Expressions of HIF-1α, HIF-2α, 
VEGF, VEGFR-2 and HIMF proteins were measured by immunohistochemical 
staining. 
Results: Immunohistochemistry results showed that the positive expression signals of 
HIF-1α, HIF-2α, VEGF and VEGFR-2 were detected in epithelial cells of renal tubules 
and collecting tubules, renal corpuscles in the kidneys of the three sheep breeds. 
Positive expression signals of HIMF were detected in epithelial cells of proximal 
tubules and distal tubules in Tibetan sheep and epithelial cells of distal tubules in goat. 
Immunostaining intensity of HIF-1α, HIF-2α, VEGF and VEGFR-2 proteins in Tibetan 
sheep was signiﬁcantly higher than that in both plain sheep and goat (p < 0.05). 
Immunostaining intensity of HIMF in Tibetan sheep was higher than goat (p < 0.05). 
Positive expression signals of HIMF were not detected in plain sheep. 
Conclusions: The expression and distribution characteristics of HIF-1α, HIF-2α, 
VEGF, VEGFR-2 and HIMF in the studied kidney tissues suggested that these proteins 
may be related to the physiological regulation of Tibetan sheep kidney in hypoxia 
environment, and therefore might be important regulating proteins for Tibetan sheep to 
adapt to high altitude hypoxia environment. 
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INTRODUCTION 
Hypoxia-inducible factor (HIF) pathway is a defense mechanism evolved to 
against hypoxia [1]. The HIFs are heterodimeric proteins that regulate the adaptive 
response to reduced oxygen availability at the cellular and organismal level [2]. HIFs 
consist of an O2-sensitive α subunit (HIF-α) which is strongly induced following 
exposure to hypoxic conditions, and a constitutively expressed β-subunit (HIF-β) 
which remains largely unaffected by changes of O2 level [3]. Among the three HIF-α 
isoforms (HIF-1α, HIF-2α and HIF-3α), HIF-1α and HIF-2α were frequently studied 
[4]. Under normal oxygen conditions, HIF-1α is highly unstable. Under hypoxia 
conditions, however, the half-life of HIF-1α can be extended, leading to its 
accumulation and the formation of the HIF-1 complex. HIF-2α is regulated in a similar 
way and shows high-level induction by hypoxia [5,6]. The two isoforms have similar 
functions in animals, such as both involving in metabolism and the process of 
angiogenesis and embryonic vascular development [3]. It is also showed that the 
reduction of their expression can decrease cell ability to survive [7]. For instance, the 
reduction of HIF-1α can diminish cellular energy production, and the reduction of HIF-
2α can diminish hypoxia-induced pro-angiogenic factors and enhance anti-angiogenic 
factors [7]. Moreover Hahne et al. [7] indicated that HIF-1α and HIF-2α can coordinate 
with each other to adapt to hypoxia. In response to hypoxia, both HIF-1α and HIF-2α 
can regulate angiogenic genes such as vascular endothelial growth factor (VEGF) [3]. 
VEGF, a downstream target gene promoted by HIF activation, plays an essential 
role in the cellular adaption to hypoxia [3]. Hypoxia can also enhance VEGF 
expression, which has been found in many organs [3,8]. Kidney is susceptible to 
hypoxia, for its ability of angiogenesis can be affected under such condition [9]. VEGF 
enhances vascular permeability, stimulates angiogenesis, and promotes the delivery of 
blood to the hypoxic part, therefore can alleviate the tissue damage caused by hypoxia. 
VEGFR-2 is a receptor of VEGF and many of the biological activities of VEGF are 
mediated through VEGFR-2 in endothelial cells [10]. HIF-1α and HIF-2α have been 
demonstrated to increase target gene transcription (e.g. VEGF) in hypoxic cells. HIF-
1α expression regulates the production of VEGF, and HIF-2α can activate VEGF 
preferentially [11]. Notably, renal tubular epithelial cells are also easy to be affected by 
hypoxia [12]. The hypoxia-induced mitogenic factor (HIMF) have been reported to 
enhance expression of VEGF in mouse lung epithelial cells [13].  
Hypoxia is a key factor affecting organisms inhabiting such environment and 
plays an important role in organ diseases, such as renal injury and pulmonary 
hypertension [1,14]. The ability of adaptation for mammalian cells to high-altitude and 
hypoxic conditions is an evolutionary modification and could result in considerable 
physiological changes related to animal viability, which have been demonstrated in 
some indigenous species living in this region, including Tibetan antelopes, gazelles and 
yaks [15,16,17]. 
The Qinghai Tibet Plateau, the world’s highest plateau, is famous for its hypoxia 
environment. Its atmosphere oxygen pressure is only 53% - 62% to sea level [18]. 
Tibetan sheep (Ovis aries) is a Chinese indigenous sheep breed and mainly distributed 
in the plateau and its adjacent areas. The herd have been domesticated for more than 
4000 years and are well adapted to the hypoxic condition through natural selection 
[15], which makes it a perfect model to study the hypoxic-related mechanism. The 
current study used immunohistochemistry method to detect the expression and 
distribution characteristics of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF in kidney 
from three sheep breeds dwelling in different altitudes (Tibetan sheep, plain sheep and 
goat). The results will also provide the baseline information to the understanding on 
mechanism of the stress response to high-altitude hypoxia environment. 
 
MATERIALS AND METHODS 
Animal ethics 
The study was approved by the State Forestry Administration, and all procedures 
were performed in compliance with guidelines for the care and use of laboratory 
animals adopted by the Ministry of Science and Technology of the People’s Republic 
of China.  
 
Materials 
Sheep individuals of 2-year old male adults were collected in Hezuo City (with an 
altitude around 3,000m, Gansu Province, China) for Tibetan sheep (Euler Tibetan 
sheep, n=5) and Lanzhou City (with an altitude around 1,500m, Gansu Province, 
China) for both plain sheep (small-tailed sheep, n=5) and goat (Boer goat, n=5) in 
September, 2019. Complied with local regulations, animals were euthanized with 
pentobarbital sodium (200 mg/kg, IV) at local slaughter houses. Kidney samples were 
collected and preserved in 4% paraformaldehyde for tissue fixation immediately after 
euthanasia. 
 
H&E staining detection  
Fully fixed samples were embedded in paraffin and the tissue blocks then were 
sliced into 5 µm sections for subsequent processes. H&E staining was used to observe 
the histological features of the samples.  
 
Immunohistochemistry detection 
Immunohistochemical staining was carried out based on HistostainTM-Plus Kits 
(Bioss, China, SP-0023). Briefly, tissue sections were deparaffinized in xylene and 
rehydrated in different concentration gradient of alcohol. After being rinsed in 
phosphate buffered saline buffer (PBS), sections were autoclaved (15 minutes in a 
microwave oven) in 0.01M sodium citrate buffer (pH 6.0) for antigen retrieval. The 
endogenous peroxidase was inactivated using 3% hydrogen peroxide at 37℃ for 10 
min. The sections were then incubated with anti-HIF-1α polyclonal antibody, anti-HIF-
2α polyclonal antibody, anti-VEGF polyclonal antibody, anti-VEGFR-2 polyclonal 
antibody (Bioss, China,1:200 dilution, bs-20398R, bs-1447R, bs-1665R and bs-0565R) 
and anti-HIMF polyclonal antibody (abcam, China, 1:200 dilution, ab39626) at 4℃ 
overnight in a humid chamber. Antibody binding was colored with DAB Substrate kit 
(Solarbio, China, DA1010) and tissue sections were counterstained with hematoxylin. 
All washing steps in-between were done in phosphate buffered saline (PBS). To assess 
the specificity of the immunolabeling, negative control slides were created using the 
bovine serum albumin as the primary antibody while all other steps and conditions 
remained the same.  
 
Statistical analysis 
Images of the stained tissue sections were observed and captured by a light 
microscope (Olympus CX31, Tokyo, Japan). Image-Pro Plus (Version 6.0, Media 
Cybernetics, Inc: Bethesda, MD, USA) was used to quantify the positive results of 
expression of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF. The measurement 
parameters included sum area and sum IOD (integrate optical density). SPSS software 
(Version 19.0, SPSS Inc, Chicago, USA) was used to analyze the statistical 
signiﬁcance. 
 
RESULTS 
Histological observation 
There was no significant difference observed in the renal structure among Tibetan 
sheep, plain sheep and goat (Fig.1, A-C). The uriniferous tubules of Tibetan sheep, 
plain sheep and goat consisted of renal corpuscles, renal tubules and collecting tubules. 
In renal corpuscles, the glomeruli consisted of arterial capillaries which were 
coiled up into globular shape. Cup shape structured renal capsules were surrounded by 
central glomeruli, the outer epithelial cells of the renal capsules were surrounded by 
monolayer flat epithelial cells.  
Renal tubules including proximal tubules, thin segments and distal tubules were 
surrounded by monolayer epithelial cells. The diameter of proximal tubules was 
relatively thick, its tube wall consisted of monolayer pyramidal cell with small and 
irregular diameter. The epithelial cells of distal tubules consisted of monolayer cubic 
cells with large and regular lumen. Thin segments consisted of monolayer flat cells 
with small diameter. The epithelial cells of collecting tubules was surrounded by 
monolayer cuboidal epithelium with clear cell boundary and large lumen. 
 
Immunohistochemical localizations 
The positive expressions of HIF-1α, HIF-2α, VEGF, VEGFR-2 and HIMF were 
detected in Tibetan sheep in the positive control groups (Fig. 2, A, D, G, J, M). 
Immunohistochemistry showed that HIF-1α, HIF-2α, VEGF and VEGFR-2 were 
mainly stained in the cytoplasm of renal tubule epithelial cells and collecting tubule 
epithelial cells, renal corpuscles in Tibetan sheep., The strong positive expression 
signals of HIF-1α, HIF-2α and VEGF were found in the cytoplasm of distal tubule 
epithelial cells, proximal tubule epithelial cells and collecting tubule epithelial cells. 
The positive expression signals of HIMF was found in the cytoplasm of proximal and 
distal tubule epithelial cells. 
For plain sheep, the positive expressions of HIF-1α, HIF-2α, VEGF, VEGFR-2 
were all detected in the positive control groups (Fig. 2, B, E, H, K), while HIMF 
showed no immunoactivity (Fig. 2, N). Immunohistochemistry showed that HIF-1α, 
HIF-2α, VEGF and VEGFR-2 were clearly present in the cytoplasm of renal tubule 
epithelial cells, collecting tubule epithelial cells and renal corpuscles. The strong HIF-
1α, HIF-2α, VEGF positive signals were found in the cytoplasm of distal tubule 
epithelial cells, proximal tubule epithelial cells and collecting tubule epithelial cells. 
For samples of goat, the positive expressions of HIF-1α, HIF-2α, VEGF, VEGFR-
2 and HIMF were detected in the positive control groups (Fig. 2, C, F, I, L, O). 
Immunohistochemistry showed that HIF-1α, HIF-2α, VEGF and VEGFR-2 were 
expressed in the cytoplasm of renal tubule epithelial cells and collecting tubule 
epithelial cells, renal corpuscles. And strong HIF-1α, HIF-2α and VEGF positive 
signals were found in the cytoplasm of distal tubule epithelial cells, proximal tubule 
epithelial cells and collecting tubule epithelial cells. HIMF immunoactivity showed in 
distal tubular epithelial cells. 
 
Optical density analysis 
Results from the averaged IOD (Table 1) showed that the immunostaining 
intensity of HIF-1α was the highest in Tibetan sheep, followed by goat and plain sheep 
(p< 0.05,Fig. 3, A) Tibetan sheep also had the highest immunostaining intensity of 
HIF-2α, VEGF, VEGFR-2 and HIMF (Fig. 3, B, C, D and E). The results of the four 
proteins (HIF-1α, HIF-2α, VEGF and VEGFR-2) for goat were generally higher than 
those in plain sheep with varied P values (Table1, Fig. 3). 
 
 
Figure 1. Histological observation of Tibetan sheep, plain sheep and goat kidneys. A, 
Tibetan sheep kidney; B, plain sheep kidney; C, goat kidney; RT: renal tubule, RC: 
renal corpuscle. 
 
 Figure 2. Representative images of immunostaining of the five proteins. A, B, C: HIF-
1α immunostaining for Tibetan sheep, Plain sheep and goat, respectively. D, E, F: HIF-
2α immunostaining for Tibetan sheep, Plain sheep and goat, respectively.; G, H, I: 
VEGF immunostaining for Tibetan sheep, Plain sheep and goat, respectively. J, K, L: 
VEGFR-2 immunostaining for Tibetan sheep, Plain sheep and goat, respectively. M, 
N, O: HIMF immunostaining for Tibetan sheep, Plain sheep and goat, respectively. 
Arrows were denoted as the distribution of studied proteins in renal corpuscle and renal 
tubule. RT: renal tubule; RC: renal corpuscle. 
 
Table 1. Average IOD values of HIF-1 α, HIF-2 α, VEGF, VEGFR-2 and HIMF in 
kidney of Tibetan sheep, plain sheep and goat (Mean ± SD) 
Species HIF-1α HIF-2α VEGF VEGFR-2 HIMF 
Tibetan 
sheep 
0.0452±0.00
526 
0.0393±0.0
0391 
0.0748±0.0
0939 
0.00882±0.00
106 
0.000111±0.000
00438 
Plain 
sheep 
0.00934±0.0
0152 
0.0255±0.0
0775 
0.0313±0.0
0651 
0.000557±0.0
00274 
— 
Goat 0.0160±0.00
313 
0.0313±0.0
107 
0.0356±0.0
0526 
0.000613±0.0
00289 
0.0000478±0.00
00161 
 
 
Figure 3. The comparison of IOD value of HIF-1α (A), HIF-2α (B), VEGF (C), 
VEGFR-2(D), HIMF (E) among studied samples. Analysis of average IOD values of 
HIF-1α, HIF-2α, VEGF, VEGFR-2 was used one-way ANOVA, and the analysis of 
average IOD of HIMF was used independent sample t-test. The values were showed as 
mean ± SD. * was indicated as significant difference (p < 0.05). 
 
DISSCUSSION 
Oxygen is a vital substrate for aerobic organisms to maintain metabolism and 
physiological functions. Vertebrates have thus evolved complex respiratory and 
cardiovascular systems to ensure optimal O2 delivery to each cell [3,19]. Hypoxia, 
which is a biological restriction factor for most mammals, can cause various organ 
diseases such as renal injury and pulmonary hypertension [1,20]. However, organisms 
can be exposed to hypoxia for various reasons, such as hypoxic environment, 
hypoxemia and ischemia [1]. Therefore, adaptation to decreased oxygen tension is vital 
for organisms. The ability of mammals living in hypoxic environment such as the 
Qinghai-Tibetan Plateau to maintain homeostasis depends critically on appropriate 
respiratory regulation and blood pressure. In the meantime, low oxygen condition can 
activate cellular sensing mechanism with emphasis on restoring oxygen to hypoxia 
regions to maintain cell viability [4]. Accordingly, organisms have evolved a defense 
mechanism against hypoxia, the hypoxia-inducible factor pathway [1]. 
Hypoxia-inducible factor is a master gene switch for a variety of adaptive 
responses to hypoxia [3]. HIF-1α and HIF-2α are two heterodimeric hypoxia-inducible 
proteins regulated under hypoxic conditions [2]. They both can promote oxygen 
delivery and cellular adaptation to hypoxia via stimulating various cellular and tissue 
responses, including angiogenesis, erythropoiesis, anaerobic glucose metabolism and 
iron metabolism. Among these, angiogenesis, erythropoiesis, and anaerobic glucose 
metabolism are the most critical hypoxia responses in kidney injury and repair [21]. 
The three responses are regulated by VEGF, EPO and glycolytic genes respectively. 
VEGF is a downstream target gene promoted by HIF, HIMF is also involved in the 
upregulation of VEGF expression for its angiogenic effect. In addition, VEGF and its 
receptor VEGFR-2 both play a key role in angiogenesis [10,13].  
Kidney, especially the renal medulla, is susceptible to hypoxia [12]. Notably, 
tubular domains in the renal outer medulla of kidney have the ability of glycolysis to 
generate ATP in the absence of oxygen [22]. HIF-1α participates in the cellular process 
of transition from oxidative metabolism to glycolysis to induce the generation of ATP 
in an oxygen-independent manner [3]. Under normal conditions, HIF-1 is constantly 
expressed in the renal medulla but with a borderline hypoxic level for its stabilization 
[22]. HIF-2α is vital for renal cell development. Renal HIF-2α is responsible for the 
hypoxia-induced transcription of hypoxic response pathway, which is an important 
pathway for the mammals to response to hypoxia [23]. Liu et al. [18] reported that 
Tibetan antelope and Tibetan sheep both had higher expressions of HIF-1α protein in 
the lung, cardiac muscle and skeletal muscle compared with plain sheep. In our study, 
HIF-1α and HIF-2α were highly expressed in Tibetan sheep kidney, comparing to that 
in goat and plain sheep. The results suggested that hypoxia environment may promote 
the expression of HIF-1α and HIF-2α in the kidney of Tibetan sheep. HIF-1α and HIF-
2α can activate the expression of HIF-induced genes (e.g. EPO gene), further 
increasing erythrocytes, enhancing the capacity to delivery oxygen, promoting vascular 
regeneration and reconstruction. EPO thus plays an important role in adaption to 
hypoxia for plateau animals. Kidney is one of the main producers of EPO. EPO also 
functions on bone marrow stem cells whose increase promotes the regeneration of 
renal tubular epithelial cells and the kidney recovery from renal injury, alleviating 
renal damage caused by hypoxia [3,24]. Our kidney tissue sections demonstrated that 
both HIF-1α and HIF-2α were stained intensively in renal tubule epithelial cells and 
collecting tubule epithelial cells. Expression of HIF-1α and HIF-2α in Tibetan sheep 
was higher than goat and plain sheep, indicating that HIF-1α and HIF-2α were 
important proteins for its adaption to the high-altitude hypoxia environment. 
VEGF and its receptor VEGFR-2 play a pivotal role in angiogenesis and cell 
proliferation. VEGF can promote blood flow by promoting the formation of blood 
vessels in the hypoxic area, thus reducing the tissue damage caused by hypoxia [1]. In 
endothelial cells, many of the biological activities of VEGF is mediated through 
VEGFR-2 [10]. Endothelial cells can obtain oxygen directly from red blood cells, but 
can also be affected by hypoxia [22]. Epithelial tubular cell is another type of cells that 
is affected by hypoxia besides endothelial and vascular cells [12]. In kidney tissue 
sections, we also observed that VEGF and VEGFR-2 were mainly stained in the renal 
corpuscles and epithelial cells in renal tubules and collecting tubules. Positive signals 
of VEGF and VEGFR-2 in Tibetan sheep kidney were stronger than plain sheep and 
goat, suggesting that VEGF and VEGFR-2 play an important role in reducing the 
effects of high-altitude hypoxia environment on the kidney of Tibetan sheep. It has 
been reported that VEGF is mainly produced by podocytes and renal tubular epithelial 
cells in the kidney, which is consistent with our results. Podocytes are indispensable 
components to ensure the integrity of glomerular filtration membrane structure, while 
epithelial cells in renal tubules maintain the structure and function of capillary network 
around renal tubules, resist interstitial fibrosis, and participate in the formation of 
endothelial cells [25]. Villegas et al. [26] found that VEGF and VEGFR-2 expressed in 
proximal tubular epithelial cell line in vitro, and confirmed that VEGF mainly 
functions by binding with VEGFR-2. In addition, VEGF produced by renal tubular 
epithelial cells can promote the proliferation of renal tubular cells by autocrine. These 
studies indicate that VEGF and VEGFR-2 are involved in the maintenance of renal 
structure and regulation of renal function. The high expression of VEGF and VEGFR-2 
in Tibetan sheep kidney discovered in our study may be thus related to the adaptation 
of Tibetan sheep to high altitude hypoxia environment. 
Study showed that mutant endothelial cells isolated from mutant mice exhibited 
defective hypoxic activation of VEGF and VEGFR-2 as well as impaired cell 
proliferation and migration [3]. The authors therefore suggested that HIF-1α promoted 
an autocrine VEGF/VEGFR-2 loop in endothelial cells, facilitating their functions in 
tissue angiogenesis [3]. HIMF can also directly stimulate the production of VEGF and 
promote angiogenesis through VEGF / VEGFR2 pathway. HIMF is a protein first 
found in pulmonary hypertension induced by hypoxia mouse model. It was reported as 
a lung specific growth factor, involving in lung cell proliferation and regulation of 
compensatory lung growth [27]. HIMF has functions of angiogenic and 
vasoconstrictive [28]. In lung epithelial cells of mouse, HIMF enhances VEGF 
production in a PI-3K/Akt-NF-κB signaling pathway-dependent manner [13]. In 
addition, VEGF mRNA synchronously changes with HIF-1α mRNA during hypoxia, 
which shows that enhanced expression of HIF-1 can activate VEGF gene transcription, 
increase VEGF production, promote vascular construction, drive blood to the hypoxic 
part of renal tubules, thus reduce renal injury [24, 29]. Hoppeler et al. [29] reported 
that HIF-1α mRNA was upregulated after 6 weeks of endurance training in hypoxia 
(equivalent to an altitude of 3850m) in previously untrained subjects, and high 
intensity training in hypoxia further resulted in an increased expressions of VEGF 
mRNA, capillarity and myoglobin mRNA. This upregulation was showed to be 
independent of training intensity and not observed in subjects under similar conditions 
in normoxia. These findings have been further confirmed by later researcher [30]. The 
protective effects (e.g. alleviating renal injury) of HIF-1α, HIF-2α and hypoxia-
induced VEGF have been shown in CKD (Chronic kidney disease) [1].  
In our study, HIMF was mainly expressed in distal tubule epithelial cells and 
proximal tubule epithelial cells for Tibetan sheep. HIMF was also expressed in distal 
tubule epithelial cells in goat, but no HIMF immunoactivity showed in plain sheep. 
Taking account of the findings from previous studies, along with the results of positive 
signals of HIF-1α, HIF-2α, HIMF, VEGF and VEGFR-2 showed in the kidney of 
Tibetan sheep, our study suggested that HIF-1α, HIF-2α, HIMF, VEGF and its receptor 
VEGFR-2 may be involved in the protection, structure maintenance and function 
regulation of Tibetan sheep kidney under hypoxia environment. 
 
 
 
CONCLUSIONS 
Our results indicated that expression and distribution characteristics of HIF-1α, 
HIF-2α, VEGF, VEGFR-2 and HIMF in the kidney of Tibetan sheep may be related to 
the physiological regulation of Tibetan sheep inhabiting hypoxic environment. They 
are thus considered as important potential regulating proteins in Tibetan sheep's 
adaptation to hypoxia environment. However, the underlying molecular mechanisms 
are not clear. This study is a preliminary experiment and the mechanism of such 
regulation in Tibetan sheep needs to be further explored. This study will also provide 
baseline information for comparison studies between sheep breed inhabiting arears 
with different altitude.  
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